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We describe the use of a frame-based knowledge representation to construct an adequately-explicit bedside clinical decision support
application for ventilator weaning. The application consists of a data entry form, a knowledge base, an inference engine, and a patient
database. The knowledge base contains database queries, a data dictionary, and decision frames. A frame consists of a title, a list of
ﬁndings necessary to make a decision or carry out an action, and a logic or mathematical statement to determine its output. Frames
for knowledge representation are advantageous because they can be created, visualized, and conceptualized as self-contained entities that
correspond to accepted medical constructs. They facilitate knowledge engineering and provide understandable explanations of protocol
outputs for clinicians. Our frames are elements of a hierarchical decision process. In addition to running diagnostic and therapeutic logic,
frames can run database queries, make changes to the user interface, and modify computer variables.
 2008 Elsevier Inc. All rights reserved.
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Computerized protocols provide more assurance of
standardization of medical decisions and provide a way
to save electronic data on protocol performance and physi-
cian compliance for quality improvement activities or
research. Adequately explicit computerized protocols
(eProtocols) provide treatment instructions deﬁned in pre-
cise patient-speciﬁc terms after input of patient clinical
data (e.g., the fraction of inspired oxygen or mechanical
ventilator pressure settings that are required at speciﬁc
times for an individual patient). The primary proximate1532-0464/$ - see front matter  2008 Elsevier Inc. All rights reserved.
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E-mail address: dsorenson@hsc.utah.edu (D. Sorenson).purpose of such protocols is to ensure replicable clinician
decisions for equivalent patient states. This includes stan-
dardization of clinician decisions in clinical trials where
blinding is not possible and cointerventions (non-experi-
mental interventions) are unavoidable [1]. Our ultimate
purpose is to facilitate the implementation and evaluation
of replicable adaptive medical patient care protocols that
can be applied with equal eﬃcacy in a variety of intensive
care units at diﬀerent centers.
Patients with acute lung injury (ALI) or the acute respi-
ratory distress syndrome (ARDS) typically require days to
weeks of mechanical ventilation for respiratory failure. As
lung function improves these patients require a program
for weaning, or liberation, from the mechanical ventilator.
One approach involves daily assessments of respiratory
parameters during spontaneous breathing trials. Patients
are evaluated for removal of the endotracheal tube when
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ters for some speciﬁed time [2,3]. Another approach to
weaning is to gradually reduce the amount of pressure
applied by the mechanical ventilator with each breath
(pressure support weaning). The clinician weans the patient
from mechanical ventilation and the endotracheal tube
when speciﬁed minimum pressures are reached [4]. Paper
protocols for ventilator weaning have been developed,
but they diﬀer regarding parameters, thresholds, and the
sequence of the decision process. [4–6]. Recently, a ran-
domized trial of a computerized closed-loop weaning appli-
cation was reported [7] as well as a closed-loop commercial
system [8]. An important aspect of our system is the open-
loop characteristic which ensures clinician prerogative and
oversite. Also, our ventilator protocol is in a form (i.e., a
database table) which can be easily exported to other users.
The National Institutes of Health (NIH), National
Heart Lung and Blood Institute (NHLBI), acute respira-
tory distress syndrome (ARDS) network developed a
mechanical ventilation protocol that includes pressure sup-
port weaning [5,9]. We describe a knowledge engineering
process for creating an adequately-explicit bedside clinical
decision support (CDS) application for the pressure sup-
port (PS) weaning portion of this protocol which facilitates
the process of liberating a patient from mechanical ventila-
tion support. This weaning protocol is an extension of the
computerized ARDS Network ventilation and oxygenation
protocols for maintenance of mechanical ventilation for
patients with acute lung failure due to ALI and ARDS.
A clinical decision support application contains a
knowledge base (KB), an inference engine, a means of com-
municating results (instructions or actions), a user inter-
face, and an associated patient database (DB) [10–12].
The KB is a collection of encoded knowledge needed to
solve problems in some medical area. Inherent in the con-
struction of the KB is an underlying decision model. The
inference engine is a computer program that, given a case
description (i.e., a patient state), uses the information in
the KB to generate new information about the case (i.e.,
runs the decision logic). The KB used in this application
is comprised of database queries, a data dictionary (that
maps patient ﬁndings to items in frames), and frames (also
called decision frames).
The frame as data structure for knowledge representa-
tion concept was introduced by Marvin Minsky [13]. Many
frame-based CDS applications have been developed over
the past 25 years [14–18]. In addition to executing diagnos-
tic and therapeutic logic [10] we also use frames to run DB
queries, to make changes to the data entry form, to gener-
ate dialogs, and to control global variables (i.e., patient or
user interface values maintained in memory when the
application runs).
2. Methods
Our frames consist of a title, a list of ﬁndings (primary
data, results of database queries, and subframes) neces-sary to make a decision or carry out an action, and a
logic or mathematical statement to determine the frame
output. An important advantage of using frames for
knowledge representation is that they can be created,
visualized, and expressed in common medical terms and
concepts (e.g., the patient: has an infection, has a need
for mechanical ventilation, is ready for a weaning trial,
etc.). This is an advantage when interacting with clinicians
both for identiﬁcation of their decision processes and for
explanation of protocol outputs. Our frames are elements
of a hierarchical decision process. Data elements for
higher-level frames can include lower-level frame outputs
in combination with primary ﬁndings. This means that
each frame can contain other frames. This is in contradis-
tinction to the more common, but less general, ‘‘is_a”
relationship of subframes in higher level frames. Frames
use a generic structure that can be processed by the infer-
ence engine regardless of their content. Frame outputs are
saved in the patient’s time-stamped database and may be
accessed later as other frames are processed. The frame-
based hierarchy also allows the interested user to follow
the causal reasoning behind the instructions they are
being asked to follow.
Our inference engine is computer code with two general
algorithms. The ‘‘logic processor algorithm” processes the
logic of individual frames (i.e., calculates the value of the
frames). The ‘‘decision tree processor algorithm” passes
information between frames (up the decision tree hierar-
chy) to come to a ﬁnal conclusion (i.e., generate recommen-
dations or actions). There is no limit on the number of
times a frame can be used and there is no required order
for the frames to be processed.
Knowledge engineering (KE), in the current context, is
the process of creating the KB. This involves extracting
information from one or more experts in a clinical domain,
and translating that knowledge to a computer representa-
tion [10,12]. The knowledge is represented as frames. When
the bedside clinician enters patient data, the relevant
frames are evaluated, and then linked dynamically in a
decision hierarchy that ultimately displays patient-speciﬁc
recommendations. The bedside clinician may decline any
recommendation if they wish, but they are asked to enter
a reason for declining.
A number of software tools for KE development are
available in the public domain and have been used for var-
ious Medical Informatics applications. For example, Clips
is an example of an expert system shell [19], Prote´ge´ is an
application for representing knowledge and ontologies
[20,21]; Jess is a rules engine [22]. We developed an applica-
tion called FrameBuilder [23,24] that speciﬁcally generates
frame-based knowledge and creates a running application
with a user interface and rules engine. FrameBuilder is
the culmination of an earlier stream of development that
pre-dates the above-mentioned tools [17]. It is an integrated
application, with a knowledge engineering environment, a
rules engine, and a collection of editors which create a user
interface (i.e., a running bedside application). The existing
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[25] are not amenable to our frame-based knowledge with-
out signiﬁcant changes to the structure of the frames. We
are currently developing a web-based version of our rules
engine which we intend to make available in the public
domain. We are also planning to build a translator for
our frames to a representation that can be processed by
rules engines such as Jess and Drools which use a Rete
algorithm [26]. Changes to the computer protocol logic
and/or interface can be tested immediately with simulated
or real patient data, allowing rapid protocol reﬁnement.
A best-practice approach is taken to ensure accurate and
complete data collection by error-checking data types and
validating data ranges. The FrameBuilder is an integrated
tool set that allows rapid visual prototyping, iterative
reﬁnement, and construction of an application with an
intuitive user interface, all without requiring programming
by the knowledge engineer.
Our mechanical ventilation CDS application includes
three support modes: assist control (AC), pressure support
(PS), and unassisted breathing (UAB). In the AC mode, the
ventilator provides a minimum number of breaths deter-
mined by the set ventilator rate (VR) at a predetermined
volume for each breath (tidal volume). The mechanical
ventilator applies pressure to inﬂate the lungs to the set
tidal volume. The patient can initiate additional breaths
above the set VR and the mechanical ventilator will deliver
the predetermined tidal volume on those breaths also. The
total ventilatory rate (RR) is VR plus the additional
patient-initiated breaths. In addition, there is some positive
pressure applied by the ventilator at the end of each expired
breath, the positive end-expiratory pressure (PEEP). In the
PS mode there is no set VR; the patient initiates each
breath and the ventilator applies a predetermined pressure
to inﬂate the lungs (20, 15, 10, or 5 cm H2O above PEEP);
the tidal volume is variable.
This weaning protocol is based on the NIH/NHLBI
ARDS Network weaning protocol. It contains the same
logic used in the paper-based ARDS Network studies.
The novel approach is a computerized rather than paper
protocol. Computerization adds advantages of more eﬃ-
cient tracking of patient data and protocol recommenda-
tions, both for quality improvement and for research.
Computerization presumably makes compliance with the
protocol easier because recommendations are clear,
detailed, and context-speciﬁc. To model this process, we
created a ﬂow diagram representing the weaning portion
of the NIH mechanical ventilation protocol, with needed
modiﬁcations and addition of detail. The knowledge base
was then constructed by creating one or more frames for
each arrow on the ﬂow diagram using an interactive Frame
Editor. A basic data entry form was created using a Form
Editor. Meetings with a research group of respiratory ther-
apists, nurses, and physicians further deﬁned the design
and functionality of the data entry form. Functionality
was added by creating action frames associated with user
controls.3. Results
3.1. Frame-based approach
We have created, tested, and are currently evaluating in
a clinical setting the bedside computerized decision support
protocol for oxygenation, mechanical ventilation, and
weaning from mechanical ventilation. The bedside respira-
tory therapist enters data into text ﬁelds and check boxes,
and then clicks the ‘‘Enter Data and Obtain Instructions”
button (Fig. 1). All the current data are entered simulta-
neously. One or more instructions appear. (At our institu-
tion, we have created an optional interface that pulls most
of the numeric data from the patient data repository.) The
user then accepts or declines each instruction and clicks the
‘‘Conﬁrm accept/decline” button. This may be followed by
automatic changes to the data entry form; these include
changed values of controls (i.e., text ﬁelds, check boxes,
and radio buttons), controls turned yellow to indicate that
they are required for the next data set, or controls that
appear or disappear to simplify the data entry process.
Fig. 2 displays a diagram of the ﬂow of information dur-
ing the weaning process. The ‘‘Inclusion” box indicates
that the patient has not been excluded from the protocol
by any exclusion criteria. The criteria that the patient must
fulﬁll in order to start the weaning procedure are listed in
Frame #38 and corresponds to step 1 on the diagram. This
includes the ‘‘Weaning Criteria” box and the ‘‘RR > VR”
box on the diagram. ‘‘RR > VR” means that the patient’s
total respiratory rate (RR) must be greater than the rate
set on the ventilator (VR). This indicates that the patient
is able to initiate additional breaths on their own and con-
ﬁrms the presence of ventilatory drive. This is followed by
step 2 in which the patient is evaluated for 5 min to deter-
mine their respiratory rate while breathing spontaneously
on continuous positive airway pressure (CPAP) of 5 cm
H2O and FiO2 of 0.5. CPAP is a mode where there is no
added pressure delivered during inspiration to assist the
patient’s breathing, but rather the patient breathes sponta-
neously against a higher pressure. CPAP is therefore diﬀer-
ent than PS where the patient receives an extra pressure
during inspiration to help inﬂate the lungs. The next step
is determined by the patient response to breathing on
CPAP and depends on the RR and whether the patient dis-
plays evidence of respiratory distress. There are 4 possible
paths associated with 4 diﬀerent frames. If the RR < 25, the
patient bypasses the PS mode and is tested for 30 min with
unassisted breathing (on CPAP of 5 cm H2O). If the RR is
>35, then the patient remains on assist/control until the
following day. If the RR is between 26 and 35, the patient
starts with PS of 20 cm H2O. The PSt nodes are a titration,
at 5-min intervals, to determine the appropriate beginning
PS level. If the patient’s RR increases to >25, at any of the
titration nodes, e.g., PSt 10, then the patient is maintained
on PS 10 for >= 2 h (step 14). If the patient fails, then they
go back to AC (step 20). Failure is determined by a frame
containing a list of items such as ‘‘Respiratory distress”
Fig. 1. Data entry form for the Mechanical Ventilation Clinical Decision Support Application. The respiratory therapist enters data into text ﬁelds and
check boxes, and then clicks the ‘‘Enter Data and Obtain Instructions” button. One or more instructions appear. The user then accepts or declines each
instruction and clicks the ‘‘Conﬁrm accept/decline” button.
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patient is maintained for >=2 h (step 24). If they fail at
PS = 5, they go back to PS 10 (step 21). If they do not fail
after 2 h, they go to an unassisted breathing trial (step 11).
Note that there are four types of frames shown in paren-
theses on the Title line. A boolean frames is a major deci-
sion. An action frame, for example, generates a change to
the data entry form such as entering data into a ﬁeld or
changing the text of a message. A calculation frame per-
forms a mathematical or date/time calculation. A message
frame generates an instruction. Another important frame
type, not shown, is a query frame (which retrieves the result
of a database query).
38. TITLE: Enter weaning trial criteria
(boolean)
FINDINGS:
a. @Weaning time criteria
b. Fraction of inspired O2
c. PEEP
d. Receiving neuromuscular blocking agent
e. Current vasopressor support
f. Systolic blood pressure
g. Inspiratory efforts present
h. Ventilatory mode
i. VR
j. Pulse oximetry O2 saturation
k. Arterial O2 pressure
l. RR
LOGIC: (a = 1) and (b <= 0.4) and (c <= 8) and
(d = 0) and (e = 0) and (f >= 90) and ((g = 1)or (l > i)) and ((h = 1) or (h = 4)) and
((j >= 88) or (k >= 55))
Frame 38 is subsequently a component in message frame
39:
39. TITLE: Enter weaning trial criteria
(message)
FINDINGS:
a. @Enter weaning trial criteria
LOGIC: (a = 1)
Frame 39 generates an instruction to the respiratory
therapist: ‘‘Evaluate the patient with a CPAP 5 cm H2O
trial with FiO2 0.5 for <=5 min. Enter the RR and specify
the presence of anxiety” (Fig. 1).
When the respiratory therapist accepts the instruction,
the PEEP and FiO2 ﬁelds on the data entry form are auto-
matically changed by the action frame, i.e., the values 5 and
0.5 are inserted respectively:
40. TITLE: Enter weaning trial criteria
replace data (action)
FINDINGS:
a. @Enter weaning trial criteria
LOGIC: (a = 1)n{PEEP}/5,{fio2}/0.5
The Weaning time criteria frame, referenced by frame 38 is
49. TITLE: Weaning time criteria
(calculation)
FINDINGS:
Fig. 2. Flow diagram for PS (pressure support) ventilator weaning. If the frame for step 1 comes true, there are 4 possibilities with the next data entry. If
the frame for step 3 comes true, the patient bypasses the PS mode, and is tested for 30 min on unassisted breathing. If the RR (total respiratory rate) is
>35, then the patient remains on assist/control until the following day. If the RR is between 26 and 35, the patient starts on PS of 20 cm H2O. The PSt
nodes are a titration, at 5 min intervals, to determine what the appropriate PS level for the patient is to start at. If the patient’s RR increases to >25, at any
of the titration nodes, e.g., PSt 10, then the patient is maintained on PS 10 for >=2 h (step 14). If the patient fails, then they go back to A/C (assist control
mode) (step 20). If they do not fail, PS is reduced to 5 and the patient is maintained for >=2 h (step 24). If they fail at PS = 5, they go back to PS 10 (step
21). If they do not fail after 2 h, they go to an unassisted breathing trial (step 11).
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b. gcurrentDT
LOGIC: (b >= #06:00#) and (b <= #10:00#) and
(TIMEDIFH(a,b) >= 12)
This frame references two global variables: gcurrentDT
is an intrinsic variable maintained by the application that
holds the current date and time; gstartDT is speciﬁc to
the patient. The value of gstartDT is set automatically
when data are ﬁrst entered for a given patient. This value
must also be saved to the DB by an action frame when
the user selects another patient or the application is closed.
Each step on the ﬂow diagram corresponds to a frame
with a similar structure to those above. The user can visu-alize the logic for a given instruction via an option on the
‘‘Explanation” menu (Fig. 1). There are three options: (1)
a ﬂow diagram similar to Fig. 2; (2) the ability to ‘‘drill
down” from a high-level frame to each of the component
frames; (3) a hierarchical view of all the relevant frames
and ﬁndings (Fig. 3). Note that the logic for ‘‘Fail unas-
sisted breathing trial” in Fig. 3 is modiﬁed so that it only
contains the elements relevant to the decision that was
made.
3.2. Testing and clinical implementation
As part of the validation of the computerized protocol
with that of the paper-based, we initially wrote a
Fig. 3. Hierarchical explanation of the decision to fail unassisted breathing (UAB) and return to pressure support mode. The ‘‘Msg UAB fail and return to
PS frame” (which generates the explanation) contains the ‘‘UAB fail and return to PS frame” which contains the ‘‘Fail unassisted breathing trial” frame.
The abbreviated logic statement is directly below the title, followed by each of the items in that frame. The ‘‘@” indicates a subframe within a frame. Each
item is preceded by its value. Note that the logic for ‘‘Fail unassisted breathing trial” is abbreviated so that it only contains the elements relevant to the
decision that was made. UAB, unassisted breathing; PS, pressure support; RR, total respiratory rate; SpO2, oxygen saturation; PaO2, arterial oxygen
pressure; VT, set tidal volume; TMV, total minute volume; ventMode, ventilatory mode.
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tions for every possible combination of variable values
from the computerized ARDS Network ventilation and
oxygenation protocols for maintenance of mechanical
ventilation. These protocols were amenable to threshold
batch testing because their logic could be displayed in
table format. For the computerized oxygenation protocol
these threshold values included PEEP levels of 5, 8, 10,
12, 14, 16, 18, 20, 22, and 24; and FiO2 levels of 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0; PaO2 ranges of
<50, 50–54, 55–61, 62–68, and >=69 cm H2O; SpO2
ranges of <85, 85–88, 88–90, 91–93, and >=94%. For
the computerized ventilation protocol, these included
pH >7.45, 7.30–7.45, 7.15–7.29, and <7.15; VR < 35
and >=35 BPM; VT >6 to <=8, 6, and >=4 to
<=6 mL/kg; Pplat <25, 25–30, and >30 cm H2O. There
were a total of more than 2000 recommendations gener-
ated. All of the recommendations were iteratively
reviewed by a physician and respiratory therapist famil-
iar with the ARDS Net protocol (CG and LC).
The testing and clinical implementation of the weaning
protocol was more complicated because of the multiple
steps in the protocol, each with multiple options depending
on the patient response. We therefore used the clinical envi-
ronment for testing of the weaning protocol. So far, the
application has been successfully used with eight patients.
178 instructions were generated by the system and 80%
of these were accepted by the clinicians. Reasons for declin-ing recommendations included invalid or missing data,
physician decision, ambiguous wording in the instruction,
patient sleeping, patient being bathed, patient just received
medication, patient too agitated at the moment, patient
doing ﬁne on current settings, etc. The recommendation
with ambiguous wording was ﬁxed. The other declines
are probably unavoidable, other than to allow more lati-
tude in the time interval between recommendations.
The computerized weaning protocol has been success-
fully integrated into the clinical environment with physi-
cian involvement and oversight. It should be made clear
that the physician does not need to review every single pro-
tocol instruction, rather that is done by the respiratory
therapist who then makes adjustments on the ventilator.
If the respiratory therapist has questions then they contact
the physician by phone, pager, or in person. Our ICU has
24 h in hospital coverage by a critical care physician, which
makes the physician available to answer questions about
computerized protocol recommendations. It is not unique
to have readily available critical care physicians to respond
to patient issues given the mounting evidence of improved
patient outcomes when critical care physicians are in house
or easily available [27]. We have also found it helpful to
have the respiratory therapist participate in morning
patient rounds where ventilator management is discussed,
including protocol issues. Lastly the weaning protocol
requires a physician order to be initiated and a patient is
never extubated without a physician order.
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tor protocol is an important issue for respiratory thera-
pists. When we started testing the computerized
ventilator protocol, data input essentially required double
charting on the part of the respiratory therapists. This
was labor intensive and we recognized that it created an
extra burden for the respiratory therapists, but engaging
in clinical research is part of the culture in our ICU and
is accepted as a responsibility by all levels of medical staﬀ
including nurses, respiratory therapists, and physicians.
As we were able to extract most signiﬁcant data from the
clinical computer system which decreased the data entry
required by the respiratory therapists. There is still addi-
tional data entry that is required to run the computerized
ventilator protocol, but again, running protocols and pro-
tocol reﬁnement are part of our ICU culture. The elec-
tronic storage of protocol iterations also serves as part of
the medical record. Our ICU staﬀ accept that some data
entry into computerized protocols is necessary, but the
beneﬁts include greater compliance with standardized
patient care regimens that improve outcome, more precise
documentation of patient care in the medical record, and
an electronic database of protocol iterations that can be
used as a reference for nurses, respiratory therapists, or
physicians to recommend improvements to the protocol.
4. Discussion
Being able to modify the user interface with action
frames was important for user satisfaction and helped
ensure accurate and complete data capture. Important con-
text-speciﬁc changes included: (1) changing the back-
ground color of controls to indicate required data; (2)
making irrelevant controls disappear; (3) alerts for non-
numeric data; (4) alerts for numbers entered outside of
valid physiological range; and (5) automatically changing
data in appropriate data ﬁelds when recommendations
were accepted.
We rely heavily on comments from users of the protocol
(respiratory therapists and physicians) for reﬁnement of the
protocol. We reﬁne the protocol until the critical comments
from the respiratory therapists cease.
The diﬀerence between this computerized ventilator pro-
tocol and previous published reports of computerized pro-
tocols is that this protocol was shown in a large
randomized clinical trial to decrease mortality in patients
with ARDS (the NIH ARDS Network 6 ml/kg lung pro-
tective ventilation protocol) [5]. Despite the evidence of
improved outcome using this lung protective ventilator
protocol, physicians are not good at actually implementing
the ARDS Network ventilator and weaning protocol
[28,29]. The goal of a computerized lung protective ventila-
tor and weaning protocol is to increase physician compli-
ance with a mechanical ventilation strategy that improves
survival.
Therefore, if we can develop a computerized protocol
from the NIH ARDS Network lung protective ventilationand weaning paper protocol, and we can demonstrate that
compliance with the protocol is high, we will have imple-
mented a decision support tool that decreases mortality
in patients with ALI and ARDS.
Evaluations with test patients and real patients in a
research setting have guided changes to the KB and user
interface. The KB has been stable for several months with
changes restricted to those necessary to facilitate requested
changes to the user interface (such as helpful information
or dialogs requesting the respiratory therapist to get a
new arterial blood specimen for blood gas analysis).
Date and time issues are challenging areas of KE for
clinical applications. Weaning or liberating a patient from
mechanical ventilation (resumption of spontaneous, unas-
sisted breathing) is one section of our mechanical ventila-
tion protocol with challenging date and time issues. For
example, in order for a patient to start the weaning process
he/she must satisfy the following temporal requirements:
(1) The patient must have been supported with the ventila-
tion protocol for >= 12 h. (2) The current time must be
between 06:00 and 10:00 h (this can be overridden for spe-
cial circumstances). (3) The user must wait at least 5 min
between data sets except during an inspiratory eﬀorts test
or a CPAP trial. (4) Once PS is started, the user should
enter data within 20 min. (5) Subsequent PS changes
should be made after 90 min but within 3 h. (6) The patient
should not be weaned and transferred to unassisted breath-
ing after 19:00 h.
The current application is able to handle these require-
ments by storing times in user-deﬁned patient-speciﬁc glo-
bal variables. The ability to reference global variables in
frames provides the knowledge engineer with a level of con-
trol that can avoid having to change computer code. While
this strategy works, it has disadvantages. These global vari-
ables must be maintained and appropriately modiﬁed when
the user changes patients, quits the application, changes
ventilator mode, or corrects errors. Other options are to
store the data on the form in hidden controls or to write
application-speciﬁc code to save it in the DB. The ‘‘Wean-
ing time criteria” frame, described in the Results section,
uses two global variables: gcurrentDT and gstartDT. The
ﬁrst is global to the application and simply reﬂects the cur-
rent date and time. The second is patient-speciﬁc, repre-
senting the date and time when the patient started on the
ventilator protocol; that variable is global in the sense that
it stays in memory as long as Data Entry Form is open.
This makes it available for display on the form and dialogs
generated by user interaction without going to the data-
base. This is not necessary for a desktop application with
a local database, but becomes more relevant for a web-
based application or application integrated with a hospital
database.
We employ frame outputs as intermediate level decisions
(molecules). We build higher level frames by combining
these molecules with other direct observations (atoms).
This has proven to be a good match to the decision-making
model used by our clinicians. We can generate sound
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frames. We will develop textual English language explana-
tions in the future.
The FrameBuilder provided an eﬀective development
environment for this project, but it is currently limited to
a single data entry form and a computer with a Microsoft
Windows operating system. A similar application could
have been created by a combination of other available soft-
ware tools with some additional programming. Alterna-
tively, the DB with the patient data and the KB, could
be used by a diﬀerent user interface and rules engine.
5. Conclusion
The frame-based approach is well adapted for complex,
but well-deﬁned, clinical applications such as mechanical
ventilation and weaning. It facilitates the mapping (KE)
of clinical decision logic to computer-executable form,
i.e., the knowledge engineering process. The frame model
also facilitates the explanation of the basis for a given com-
puterized protocol recommendation by allowing the bed-
side clinician to drill down through the frame hierarchy
to see the speciﬁc values and logic that led to the decision
in question. The capability of FrameBuilder to create
forms for data entry that dynamically adapt to the speciﬁc
requirements of the protocol has simpliﬁed the use of the
computerized protocol for the bedside clinician.
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